Red mud (RM) which emerges as a by-product from the alumina producing process has been used as an efficient catalyst for one-pot direct synthesis of nitrile compounds from aldehydes and hydroxylamine hydrochloride under microwave irradiation.
Introduction
Nitrile compounds are important intermediates for the synthesis of pharmaceuticals, pesticides and dyes.
1 There are several methods for synthesis of nitrile compounds such as substitution reactions of alkyl and aryl halides with metal cyanides, 2 oxidation of primary amines, 3 reaction of aldehydes and ammonia using H 2 SO 4 4 16 triethylamine/SO 2 , 17 SeO 2 , 18 chlorosulfonyl isocyanate, 19 PPh 3 /CCl 4 , 20 , Methyl N-(triethylammoniumsulphonyl)carbamate (Burgess reagent), 21 NaHSO 4 /SiO2, 22 MeSO 2 Cl, 23 AlCl 3 /KCl, 24 NaI/MeCN, 25 PCl 5 /alumina, 26 [RuCl 2 (p-cymene)] 2 /molecular sieves, 27 silica gel 28 and zeolite. 29 It has been reported that N-aminopyridines condense with aldehydes to yield the corresponding Schiff's bases that are converted in the gas-phase into nitriles. 30 Conversion of aldehydes into nitriles via reaction of the former with hydroxylamine sulfonic acid has also been reported. 31 Recently, conversion of arylhydrazonals into hydrazononitriles via the reaction of hydrazonals with hydroxylamine hydrochloride and sodium acetate has also been reported. The latter reaction has also been conducted in the microwave oven. 32 Another reported method for nitrile compound synthesis is the one-pot reaction of aldehydes and hydroxylamine using pyridine, 33 Recently, we have reported that RM catalyzes the Knoevenagel and aldol condensation reactions. 58 The results and importance of one-pot reactions 59 encouraged us to study the one-pot synthesis of nitrile compounds from aldehydes and hydroxylamine hydrochloride using RM. As part of our research on chemical transformations, 60 in this paper we report a simple and environmentally benign methodology for the one-pot direct synthesis of nitrile compounds from aldehydes and hydroxylamine hydrochloride using RM as a catalyst. The overall reaction is shown in Scheme 1.
Scheme 1
Results and Discussion
The RM catalyzed one-pot direct synthesis of nitrile compounds was first studied using benzaldehyde and hydroxylamine hydrochloride under microwave irradiation; benzonitrile was isolated in high yield.
To examine the optimal conditions for this reaction using RM as the catalyst, we carried out experiments a-g (Table 1 ). According to experiments a-c (Table 1) at room temperature the aldoxime was the only product, and an increase in the temperature led to isolation of the nitrile, but in low yield. Experiments c and g (Table 1) show that microwave irradiation is essential for the best result. Experiments d and g (Table 1 ) described that the nitrile product was obtained in high yield and short reaction time when the RM was activated (100 ºC at oven for 8h). Experiments e-f (Table 1) show the effect of microwave irradiation power; the optimum power of irradiation was determined to be 1000W. Experiment g (Table 1 ) describes the yields of three consecutive reactions of benzaldehyde and hydroxylamine hydrochloride leading to benzonitrile using RM as catalyst. In these experiments the product was isolated by filtration, the solid residue was washed with ethyl acetate and the remaining RM reloaded with fresh reagent for future runs after reactivation (100 ºC at oven for 8h). No considerable decrease in the yield was observed, demonstrating that RM can be reused as a catalyst in the one-pot synthesis of benzonitrile. Reaction of hydroxylamine hydrochloride with different types of aromatic and aliphatic aldehydes using RM as a catalyst under MW irradiation was then investigated. The results are summarized in Table 2 . The data in Table 2 clearly show that the reactions of different aldehydes give the corresponding nitriles in good to high yield with a short reaction time in dry media under MW irradiation.
Conclusions
In summary, it can be concluded that RM, that is the by-product of the Bayer process, can be used as an efficient, excellent and readily available reagent and a very inexpensive catalyst in nitrile synthesis from aldehydes and hydroxylamine hydrochloride under microwave irradiation. Furthermore, the reaction is a green process and the catalyst is recyclable for several uses. 
Experimental Section
General Procedures. Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. IR spectra were recorded on a Shimadzu IR-470 spectrometer. 1 H NMR spectra were recorded on a BRUKER DRX-500 AVANCE spectrometer at 500.13. NMR spectra were obtained on solutions in CDCl 3 . The mixture of the reaction was irradiated with microwave (MW) laboratory reactor (ETHOS. MR) producing controlled irradiation. The chemicals used in this work were purchased from Fluka (Buchs, Switzerland) and Merck chemical companies. The RM that was used in this work was obtained from Indian gibbsite bauxite and chemical analysis of it was determined with XRF (BRUKER S4 EXPLORER). Table 3 shows these results. 
General procedure for nitrile preparation
A mixture of an aldehyde (1 mmol) and hydroxylamine hydrochloride (1 mmol) and activated RM (3 g) were mixed thoroughly in a mortar and the mixture was transferred to a beaker and irradiated at 2450 MHz (100% power, 1000 W, 80 o C). The progress of the reaction was monitored by TLC using ethyl acetate: n-hexane (20:80, v/v) as solvent. The mixture was extracted with ethyl acetate and then filtered. The solvent was removed under reduced pressure to afford nitrile.
Activation and recovery of RM
RM was activated at 100 °C for 8h and cooled to room temperature in a desiccator under vacuum. For recovery of the RM, after washing twice with ethyl acetate, it was activated again at 100 °C before reuse.
Selected data for compounds 3a-3q
Benzonitrile (3a 
